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TThe e� ect of any treatment is the di� erence 
between the response of the patient as a result 
of getting the treatment and what would have 
happened to the patient if he or she had not 
received treatment. What happens to a patient 
after treatment can be measured, but we cannot 
directly measure what would have happened 
to the same patient (in the same time window) 
if treatment had been denied. This problem 
is usually addressed in clinical trials by using 
concurrent controls (i.e., the experimental 
treatment is studied at the same time as an 
alternative control, often a placebo). Randomized, 
placebo-controlled trials (RCTs) have become the 
gold standard for clinical studies because they 
allow estimation of the treatment e� ect relative 
to placebo and eliminate biases due to di� erences 
between trials. For example, in a simple two-arm, 
parallel-group study with no covariates, the mean 
treatment e� ect is measured as the di� erence 
between the mean response on treatment and 
the mean response on placebo.

The implicit assumption in placebo-controlled 
trials is that the placebo e� ect is additive. That 
is, that the e� ects not attributable to the active 
drug are equal in both the treatment and placebo 
arms. A number of papers have questioned the 
placebo additivity assumption, and, for some 
drug classes,  evidence has been presented 

that suggests the mechanism of action can 
interact with placebo mechanisms and result in 
nonadditivity.1–5 However, the fact remains that, 
in many disease areas, drug response and placebo 
response are highly correlated between studies.1

Placebo response is perceived to be a particular 
problem in the conduct of randomized clinical 
trials in major depressive disorder (MDD), 
where the placebo response (change from 
baseline to endpoint) has been estimated to be 
approximately 82 percent of the drug response; 
an estimated 50 percent of placebo-controlled 
trials with approved antidepressants fail.6–8

Many articles summarizing data in MDD trials 
suggest that a solution is needed for the problem 
of high placebo response.9–13 This has resulted 
in proposed design modi� cations to reduce 
the placebo response or the use of clinical trial 
designs, such as placebo lead-in approaches and 
sequential parallel comparison design (SPCD), 
which attempt to increase the treatment e� ect by 
removing subjects with a high placebo response.9

We examined data from 122 MDD trials carried 
out between the years 1983 and 2010. Previous 
analysis of these trials suggested an increase in 
placebo response over time that was not matched 
by an increase in the active response.14 We 
hypothesized, however, that a more appropriate 
statistical analysis of the data would not support 
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A B S T R A C T

Objective: We investigated the accuracy of 
the often-stated assumption that placebo 
nonadditivity and an increasing placebo response 
are major problems in clinical trials and the cause 
of a trend for smaller treatment e� ects observed 
in clinical trials for major depressive disorder 
(MDD) in recent years. Method of research: We 
reviewed data from 122 MDD trials conducted 
between the years 1983 and 2010 (analyzed 
originally by Undurraga and Baldessarini in 
2012) to determine whether the data support 
the assumption of placebo additivity. Statistical 
techniques, such as conventional least squares 
regression, orthogonal least squares regression 
and locally weighted loess smoothing, were 
applied to the data set. Results: Re-analysis 
of the data set showed the active and placebo 
responses to be highly correlated, to the degree 
that would be expected assuming placebo 
additivity, when random variability in both 
active and placebo response is considered. 
Despite the placebo responses in MDD trials 
increasing up to approximately the year 1998, 
we found no evidence that it has continued to 
increase since this date, or that it has been the 
cause of smaller reported treatment e� ects in 
recent years. Conclusion: Attempts to reduce 
the placebo response are unlikely to increase the 
treatment e� ect since they are likely to reduce 
drug nonspeci� c e� ects in the treatment arm 
by a similar amount. Thus, it should come as no 
surprise that trial designs set up with the sole 
purpose of reducing placebo response fail to 
discernibly bene� t our ability to identify new 
e� ective treatments.
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this conclusion. Other meta-analyses of MDD 
studies have concluded that the treatment e� ect 
is lower in studies with high placebo response.13,15

We believe, however, that although super� cially 
reasonable, it is incorrect to conclude that the 
treatment e� ect will be increased by design 
modi� cations to reduce the placebo response. This 
is because such a conclusion ignores the natural 
random variability in the observed responses 
that explain this observed correlation and which 
cannot be designed away.

PLACEBO AND TREATMENT RESPONSES 
AND EFFECTS

It is important to � rst clarify the terminology 
used in this article to assist the reader in better 
understanding how correlation between 
observable quantities, often referred to as 
placebo and treatment “e� ects,” can occur even 
when there is, in reality, no correlation between 
placebo and treatment “true e� ects.” For example, 
consider a simple clinical trial in which, after a 
� xed period of time during which the subjects 
are given active treatment or placebo, an end-
of-study measurement is taken; there are no 
other covariates to be included in the analysis. 
In this simple case, the term “estimated placebo 
response” is de� ned as the average of the end 
of study observations from those subjects who 
received placebo. Clearly, this is something that 
can be computed and known. “True placebo 
response,” on the other hand, is the unknowable 
quantity we are trying to estimate, which 
represents the conceptual response that would be 
obtained if we had an in� nite number of subjects 
to study. The estimated and true treatment 
responses can be de� ned similarly.

Under the assumption that treatment and 
placebo e� ects act independently, “treatment 
e� ect” is de� ned as the di� erence between 
the treatment and placebo responses, with 
“estimated” and “true” treatment e� ects being 
de� ned in a similar way as responses (Figure 1).

Under the assumption of independence, more 
typically referred to as placebo additivity, a high 
placebo response is not necessarily a problem in a 
clinical trial since it will be associated with a high 
treatment response (Figure 2a). However, a high 
placebo response could impact the treatment 
e� ect if either of the following occur:
1. The placebo e� ect is di� erent in the placebo 

and treatment arms. If the placebo e� ect is 
higher in the placebo arm than the treatment 
arm, then the observed treatment e� ect 

will be lower than the true treatment e� ect. 
(nonadditive, Figure 2b). 

2. The placebo response is so high (e.g., complete 
reduction in endpoint measurement) that 
it limits the available window in which to 
observe the treatment e� ect (� oor/ceiling 
e� ects, Figure 2c). In most well-designed 
clinical trials, baseline entry criteria should 
ensure that there is a su�  cient window for 
treatment e� ects to be observed, even when 
the placebo response is high, so that � oor/
ceiling e� ects are not a common problem.

Even when additivity holds, there will still be 
a negative correlation between the size of the 
estimated treatment e� ect and the estimated 

placebo response. A negative correlation is 
induced because the treatment e� ect is calculated 
by subtracting the placebo response from the 
treatment response. It is simple to show that if 
multiple studies were run—all with the same 
true treatment and placebo responses—and the 
estimated treatment e� ects were regressed on 
the estimated placebo responses, which would 
vary due to random sampling variation, the true 
line would have a negative slope of one and an 
intercept equal to the treatment e� ect (Figure 3). 
Even when there is no study-to-study variability 
in the true treatment and placebo e� ects, the 
studies with higher estimated placebo responses, 
due to random variability, tend to have smaller 
estimated treatment e� ects than studies with 

FIGURE 1. Graphical illustration of placebo and treatment response and e� ect

FIGURE 2A–C. A) Illustration of placebo additivity, B) non-additivity, and C) � oor/ceiling e� ects

A B C
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smaller estimated placebo responses. There is no 
apparent design solution to this problem (other 
than increasing the sample size and power) 
because the studies with a high estimated 
placebo response relative to the true mean cannot 
be predicted in advance.

Many measures have been proposed in an 
attempt to reduce the placebo e� ect, ranging 
from improved screening procedures to enable 
more stringent patient selection, limiting the 
number of treatment arms, decreasing the length 
of the study, and reducing the number of visits to 
design approaches intended to remove or down-
weight the impact of subjects with high placebo 
e� ect, such as placebo lead-in and SPCD.9,16 These 
measures might reduce the true mean placebo 
response, but if the placebo e� ect is additive, 
they will not increase the treatment e� ect since 
they would also reduce the placebo e� ect in 
the treatment arm by an equivalent amount. If 
placebo additivity holds, then designs that are 
set up with the sole aim of reducing the placebo 
response will o� er no discernible bene� t to the 
identi� cation of new treatments.

MDD DATA ANALYSIS
It has been reported that the superiority of 

antidepressant medications has been modest 
relative to placebo and that e� ect sizes have 
declined in recent years.14 In a review of 
antidepressant medication data submitted to 
the United States Food and Drug Administration 
(FDA) between 1987 and 1999, Kirsch17 concluded 
that 80 percent of the responses to medication 

was duplicated in the placebo control groups, 
the mean di� erence between drug and placebo 
was approximately two points on the Hamilton 
Depression Rating Scale (HDRS), and that 
“if drug and placebo e� ects are additive, the 
pharmacological e� ects are clinically negligible.” 
It also has been suggested that smaller treatment 
e� ects in recent years were due to an increase 
in the placebo response.13,15,18,19 This could only 
be true if the placebo e� ect was not additive. 
Considering this, we investigated the evidence for 
placebo nonadditivity by examining published 
data in MDD, a disorder for which there are many 
approved pharmacological treatments across 
multiple drug classes.

We re-analyzed data from 122 MDD 
trials originally analyzed by Undurraga and 
Baldessarini.14 The search strategy and criteria for 
selection of these trials are not described here but 
are well described in the original paper, which 
provides the trial characteristics and response 
data for these studies. The outcome measure was 
categorical response rates for the placebo and 
treatment groups, de� ned as at least a 50-percent 
reduction in initial depression rating-scale 
scores, typically on the HDRS or Montgomery-
Asberg (MADRS) depression scales. Continuous 
responses for these studies were not presented 
by the authors of the original review article, who 
concluded that “a secular increase in sites and 
participants per trial was associated, selectively, 
with rising placebo associated response rates, 
resulting in declining drug–placebo contrasts or 
e� ect-size.”

In the current article, we re-analyzed the 
relationship between both placebo response rate 
versus year and active response rate versus year, 
� tting a locally weighted loess smoothing line to 
the data (Figure 4).20 Our interpretation of results 
is that both placebo responder rates and active 
responder rates increased up to approximately 
1998. This is consistent with the results reported 
by Walsh,21 who concluded that “response to 
placebo has increased signi� cantly in recent years, 
as has the response to medication.”

We identi� ed no noticeable increase in the 
average placebo response since 1998, although 
we observed a trend for smaller treatment 
response rates. This conclusion is similar to that 
of Furukawa et al,22 who reported that placebo 
response rates in antidepressant trials have 
remained consistently within the range of 35 
to 40 percent since the year 1991, although our 
results di� ered in the estimate of the year at 
which the increase in placebo response leveled 
o� . This di� erence might be due to the wider 
range of studies examined by Furukawa et al, 
which included unpublished data submitted to 
the FDA.

The analysis in Figure 4 combines multiple 
compound classes from di� erent time periods, 
which might make the interpretation of the 
trends in treatment e� ects more di�  cult. To 
investigate this further, we analyzed the same 
data strati� ed by compound class. Studies with 
MAOIs were excluded due to limited data within 
this class (Figure 5). A locally weighted loess 
smoothing line was � tted to the data from each 
drug class separately, showing, within each 
class of drug, a correlation between placebo 
and/or active response (i.e., additivity). Trends 
for increases or decreases in the placebo and 
active responder rates tend to mirror each 
other, although it is apparent that a trend for 
smaller treatment e� ects in recent years with 
selective serotonin reuptake inhibitors (SSRI) 
and serotonin-norepinephrine reuptake inhibitor 
(SNRI) compounds are not associated with 
increases in the placebo response.

Additionally, we examined the correlation 
between active and placebo responder rates in 
the 122 MDD studies (Figure 6). To model the 
relationship between the two, one could � t an 
ordinary least squares regression line, but this 
approach only minimizes squared residuals in the 
y-direction, which would lead to the � tted line: 
Active responder rate = 31.7% + 0.6*Placebo 
responder rate. The slope of 0.6 suggests that 

FIGURE 3. Negative correlation between estimated treatment e� ects and estimated placebo responses
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as the placebo response increases, the active 
response does not increase at the same rate (i.e., 
only partial additivity). This is equivalent to the 
� ndings reported elsewhere, when, after dividing 
the estimated placebo response rates into bins 
of 20 percent or less, 20 to 30 percent, 30 to 40 
percent, and 40 percent or greater, the di� erence 
between active response rates and placebo 
response rates were shown to progressively 
shrink.13,15 The decrease in estimated treatment 
e� ects at higher estimated placebo rates should 
be expected and does not mean that placebo 
e� ects are nonadditive since it can be explained 
by the inherent negative correlation between 
treatment e� ect and placebo response, as 
previously discussed. An ordinary least squares 
regression analysis is � awed because it ignores 
the random variability in both placebo and active 
response rates. The variability in both active and 
placebo response rates in the 122 studies is a 
mixture of between-study variability in the true 
responder rates and within-study variability in 
the estimated response rates. 

A more appropriate analysis of the relationship 
between active and placebo responder rate would 
be to � t the regression line using orthogonal 
regression.23 This minimizes the sum of squared 
residuals orthogonal to the � tted line and 
is more appropriate since both the y (active 
response) and x (placebo response) variables are 
subject to random variability. The variability is 
assumed equal in both variables. An orthogonal 
least squares regression line � t gives the � tted 
regression line: Active responder rate = 17.7% 
+ 1.0*Placebo responder rate. The slope of 
1.0 (standard error=0.12) suggests that any 
increase in placebo response is associated with 
an equivalent increase in active response and 
that the average treatment e� ect (di� erence 
in responder rates) is approximately 18 percent 
across the placebo response range studied. 
Clearly, the � tted slope of exactly 1.0 strongly 
supports the assumption of placebo additivity on 
this scale.

The points in Figure 6 were colored by decade 
of study and sized by total study sample size 
to highlight two additional features. First, the 
majority of the more recent studies reported 
between the years 2001 and 2010 (in blue) tend 
to lie below the � tted orthogonal regression 
line. That is, they tend to have smaller active 
responder rates for a given placebo responder 
rate than the earlier studies. Importantly, this is 
true even in studies with low placebo response, 

again suggesting that treatment e� ects have 
decreased in recent years, but not because of 
an increasing placebo response. The point size 
also shows that recent studies tended to have 
larger sample sizes. The trend for larger studies 
in recent years and for the larger studies to have 
smaller treatment e� ects was the conclusion 

reached by Undurraga and Baldessarini14 and 
supported by our analysis.

Investigating the possible causes for the 
reported smaller treatment e� ects in recent 
years is outside the scope of the current analysis. 
However, given the relationship between 
active and placebo response revealed by the 

FIGURE 4. Placebo and active responder rates versus study year for major depressive disorder (MDD) database

FIGURE 5. Placebo (blue) and active (red) responder rates versus study year for major depressive disorder (MDD) 
database, strati� ed by drug class, for A) atypical compounds, B) selective serotonin reuptake inhibitor (SSRI), C)
serotonin-norepinephrine reuptake inhibitor (SNRI), and D) tricyclic antidepressants (TCA)

A
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orthogonal regression � t, we found no evidence 
attributing this to higher placebo response 
rates or supporting that the placebo e� ect is 
nonadditive. 

DISCUSSION
When the natural variability in both active 

and placebo responses is appropriately 
accounted for, there is strong, data-driven 
evidence that the assumption of placebo 
additivity holds for the 122 MDD trials we 
analyzed. Orthogonal regression is a more 
appropriate analysis of the relationship between 
active and placebo responder rates since 
there is (assumed equal) variability in both 
measurements. Using this method, the � tted 
slope of exactly 1.0 when regressing active 
responder rate against placebo responder rate 
shows the data to be entirely consistent with 
the placebo additivity assumption. This is not to 
say that a high placebo response in an individual 
trial is not a problem—even if placebo e� ects 
are additive, random variability in the observed 
response will cause negative correlation 
between the size of the estimated treatment 
e� ect and the estimated placebo response. 

However, the implication of placebo additivity 
is that design approaches intended primarily to 
reduce the true mean placebo e� ect are likely to 
a� ect the active and placebo responses equally; 
hence, they will be unsuccessful at increasing 
the treatment e� ect. This might explain why 
placebo lead-in designs generally have not been 
considered successful. Placebo lead-in phases 
are often used to screen out patients who have 
a relatively high response during a (typically 
single-blinded) placebo lead-in phase. External 
reviews of the results of placebo lead-in designs 
have concluded that although the placebo 
response is numerically lower compared to 
studies without a placebo lead-in phase, there 
is little evidence of success in increasing the 
treatment e� ect.21,24–26 This has been attributed 
to bias due to nonblinded clinicians and random 
variability in placebo response resulting in 
inclusion/exclusion of subjects who are not 
consistent placebo responders. Both of these 
are valid reasons, but an alternative explanation 
for lack of success of placebo lead-ins is that if 
the placebo e� ect is additive, removing subjects 
with high placebo response will have the same 
e� ect (in a randomized trial) on both the active 

and placebo groups and hence have no bene� t 
to the treatment e� ect. Thus, we should not be 
surprised if other designs that are set up with the 
sole aim of reducing the placebo response fail 
to show any discernible bene� t on our ability to 
identify new treatments.

Several meta-analyses have indicated 
that baseline depression severity in� uences 
antidepressant treatment response in RCTs.17,27,28

This has been cited as evidence supporting the 
theory that placebo response is not additive in 
depression trials with decreased responsiveness 
to placebo in patients with severe depression. 
While independent analyses support larger 
antidepressant/placebo di� erences in study 
subjects with more severe depression, the reason 
for this di� erence varies between studies. Kirsch 
et al17 reported less placebo change in patients 
with more severe depression, but Khan et al27

found no change in placebo response but greater 
antidepressant response in patients with severe 
depression. Fournier et al28 also reported greater 
antidepressant response in patients with severe 
depression, but also found a small positive 
relationship between baseline severity and 
placebo response. Thus, is it unclear if placebo 
response really changes with increasing baseline 
severity or if drug e� ects alone increase in 
patients with more severe depression.

The perception that studies are failing 
because of an increasing placebo response 
and placebo nonadditivity is not limited to 
MDD trials. High placebo response has been 
reported in other therapeutic areas including 
pain,31 schizophrenia,32–34 and irritable bowel 
syndrome.35 In epilepsy, Rheims et al29 reported 
a meta-analysis of adjunctive-therapy trials in 
partial epilepsy and concluded that the “increase 
in response to placebo during the last two 
decades was clearly associated with a parallel 
increase in response to active medication.” Yet, 
it is our experience that this increase in placebo 
response is still interpreted as a problem that 
needs a solution.30 Our analysis of MDD trials 
suggests that further investigation is warranted 
in these other treatment areas.

More focus on study variables and methods 
of analysis that provide greater diagnostic 
precision in measurement might yield better, 
more accurate results. For example, given the 
vast amount of historical data in this area, 
we believe greater use of Bayesian methods 
to formally utilize this information should be 
adopted (e.g., through the use of an informative 

FIGURE 6. Active responder rate versus placebo responder rate with OLS (dotted line) and orthogonal regression (solid 
line) � ts—The points are sized by total study sample size (i.e., the larger the point, the larger the study) and colored by 
decade of study.
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prior for the placebo response). Not only will this 
allow researchers to run smaller studies with the 
obvious bene� ts of lower cost and less time to 
next decision point, as well as greater precision 
with the same sized studies, but it should also 
bene� t recruitment rates and patient selection 
quality due to more e�  cient designs that can 
randomize more patients to treatment arms that 
have greater potential for improved outcomes.

Limitations. A limitation of our analysis is its 
restriction to data from published studies up to 
2010. Unpublished studies and data from studies 
after 2010 were not included in our analyses. 
However, the majority of the publications that 
support theories on the lack of additivity in 
drug e� ects are based on analyses of the same 
published data that we analyzed in our review. 
Furukawa et al22 reached a similar conclusion of 
a stable placebo response rate since the early 
1990s using a wider range of studies, including 
unpublished data. Given the overlap between 
the studies included in Furukawa’s analysis and 
our own, it is unlikely our conclusion about 
placebo additivity would change. Our primary 
aim was to demonstrate that by using a more 
appropriate statistical analyses of these data, the 
widely reported conclusions regarding placebo 
nonadditivity and the need for trial design 
solutions that reduce placebo e� ect are not 
supported.

CONCLUSION
Placebo response is an important issue in 

clinical drug trials; however, our observation that 
the treatment and placebo e� ects observed in 
MDD trials are highly correlated, to the degree 
expected under the assumption of placebo 
additivity, indicates that perhaps the recent 
focus on designing trials that reduce placebo 
response and/or attempt to remove high placebo 
responders could be ine� ective. Rather, other 
factors, such as better patient selection and 
diagnostic accuracy, enhanced rater training 
site, certi� cation and monitoring, use of 
new e�  cacy scales with better psychometric 
characteristics, more care in the monitoring of 
treatment adherence, increased ratio of subjects/
site, and reduced enrollment pressure, should 
take precedence over reducing placebo response 
when designing better drug trials.36,37
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